








Post-Audit Data Analysis (cont.)

/ Observed Data

Pre-remediation
prediction of TOS

- — - Min TOS
Ave TOS
........ Max TOS

® Observed Data
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Post-Audit Data Analysis (cont.)

Adjust Range it
General IHydlugeulug_vI Contarminants ] Contaminant Drata I A Of K ValueS
1. Enter the following hydrogeologic and aguifer properties.
M adirurn  Average I Average
Hypdraulic Conduchivity [ft.-"d]l 19.0 | 160 | 160 Tatal Parosity [ft3a"ft3]| 0.3
Hydraulic Gradien i 1.0009 0.0009 Effective Paorosity [fFa"fF]I 025
Wiew Observed Data Paints W 2
Total Chl. Eth. at Well 4 at 150.00 ft Yiew Fange in Yelocity W
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.| — — -Min TOS
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ESTCP Site Demonstrations

 Objective: Evaluate the capability of the NAS software to
provide reasonable estimates of MNA cleanup timeframes
for a variety of site conditions

o Site Selection Criteria
— Hydrogeology
— Geochemistry
— Contaminant Sources

— Remediation Technologies
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ESTCP Site Demonstrations (cont.)

Facility Name Agency Source Remediation Hydrogeology
Cecil Field, FL Nawy | TCE,TCA MNA — Air Sparging P
NAES Lakehurst, NJ PCE, TCE MNA £0astal plaln

sediments
NAS Pensacola, FL DCB Pump-Treat, MNA C::jitrileﬂgn
Seneca Depot, NY 1k MNA - Source Removal Gladitﬁ:lg" L
Niagara Falls, NY USGS TCE Pump-Treat, MNA Fractured Dolomite
Hill AFB, UT Air Force TCE MNA — Source Containment Fluvial deposits
Fairbanks, AK USGS TCE MNA — Source Removal Alluvial sediments
NSBKge By G| New | por | MA-Thebaodn, | Coemien
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Performance Metrics

*Accuracy — Compare NAS simulations to site data
—Breakthrough times
—Inflection points

Versatility — Role of site conditions
—Hydrogeology/Geochemistry
—Contaminant sources
—Remediation technologies

«Secondary Metrics
—Reliability
—Applicability
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Site History — Areas | and J
Natural Contaminant Source Depletion — NAES Lakehurst, NJ

Naval Air Engineering Station (NAES) Lakehurst — military
operations dating back to 1915

Primary mission - aircraft support

*In 1960s and subsequent years, typical disposal of
industrial waste water into holding ponds and swales

«Contamination primarily due to the discharge of water
containing TCE, hydraulic fluid, and ethylene glycol

51 Site Demonstrations - NAES Lakehurst, NJ RITS Spring 2008: Estimating Remedial Timeframes with NAS2



Site Map and Contaminant Plumes

« Aqueous-phase plumes are characterized as widely dispersed,
varymg |n Iength from 4, 000 to 5,000 ft

MONITORING WELL
MC MONITORING WELL 1
Cis-1, DCE CONCEN‘I‘RA'HON

T~ [273 | BSUIDINGS

) l'. “::'.I_ ——— STREAMS/BROOKS

T e . ROADWALS

= i | ey CIS=1,2-DCE 1S0CO CENTRA
TION CONTOUR (ug/L

Al | ======— 1SOCONCENTRATION comoun

=l (INFERRED)

i | \ N e i i o __I':'-_
RITS Spring 2008: Estimating Remedial Timeframes with NAS2
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Hydrogeology

« Atlantic Coastal Plain Aquifer System
 Upper 20 to 100 ft of strata — fine to coarse grained sand

« Water table fluctuates between 7 and 11 ft bgs

 Hydraulic conductivity (K)
— 63-99 ft/day

o NB=T Manapague
~ND

W ND T
e . o *Fuo- +4ND
h ot

« Groundwater velocity
— 0.4-0.9 ft/day
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Plume Geochemistry

« Redox indicator data indicates anaerobic (iron-

reducing) and aerobic zones within the north plume
Total Chloroethene

e 1,2-cis-DCE: primary ™

o 8/1/1998

plume contaminant = Ferrogenic
[ Oxic

« Source concentration
(total chloroethenes)
<1,000 pg/L

N
o
o

Concentration [ug/L]

0 1000 2000 3000 4000 5000
Distance from Source [ft]
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Remediation Approach

‘Pump-and-treat initially proposed as the primary remedial
strategy but not adopted

—Considered ineffective

—Concern over loss of groundwater discharge to wetlands

*The MNA remedial alternative started in 1996 following an
evaluation of site data (i.e., CVOC plume, geochemistry)

*A site groundwater flow and solute transport model
developed using a comprehensive numerical model to
evaluate TOR

—~MODFLOW/MT3DMS
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NAS Application — Source Zone Depletion

« TOR evaluated using NAS v2

* Depleting concentration at
source well

o “Standard” source
characterization

* NAS-based TOR estimates
compared with other methods

NAPL source simulated

for north plume
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Mass Estimates Constrained Using NAS

o

3. Field © Source Well LK

c 1000 00 —e— M=8,000 kg

= : o) e M=

= M = 9,000 kg

5 o

(&)

c NAS (SEAM3D)

S e

% 100 -

- i

[

®)

(b]

©

=

o)

=

O 10 A

© )

o
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1995 2000 2005 2010 2015
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Comparison of Predictive Tools for TOR

1000 -

\ oo 97 Model
L\ . o / (RT??D;}

Total Chlorinated Ethene Concentration (ug/L)

100 -
NAS
SEAM3D)
10 - Extrapolation of
Regression (2003)
1995 2000 2005 2010 2015
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Lessons Learned

Relative to other approaches, a mass-balance source zone
model calibrated to site data (NAS) is superior to other
models for calculating TOR

*This finding suggests that at some sites, knowledge of
NAPL source complexities (e.g., interfacial area) is not
required for a reasonably accurate estimate of TOR

*However, source characterization is key to reducing the
uncertainty inherent to estimating TOR
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Site History
Source Excavation — Seneca Army Depot, NY

Seneca Army Depot Activity (SEDA) is located in the Finger
Lakes region of upstate New York

*SEDA served as a disposal site for military explosives
dating back to 1941

Landfill received ash from the incineration of solid waste
(1941-79)

°In the early 1980s, a chlorinated ethene plume was
discovered emanating from the Ash Landfill
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Site Map and Contaminant Plume

- = Af)prox xtent

‘,??

* Primary contaminants
impacting groundwater

-TCE
—-1-2,cis-DCE
-VC

* Total chloroethene
concentration (source)

—-12,000-24,000 pg/L

* 18-acre footprint

-6)

| : -
\\_',F—'___;:—-ﬁ___( H_:___H - —F;- —— “_—;:_?\ ‘:‘::1.__:—-____/"'
— *_ = . e 3:.::3%_____
”' = .53 UMW T
7 PT /1/ Mw S?DW’ED%J‘ L= e
/ 28 Va ﬁ MWT7, ,"' W :
|E__Mwu 5 b —J ||k o 63;:%

MWT1, 3 - | e

| _s___,_-_-r:ﬁ

MW-35D
MW-36 =0

v ’__'_,_,.u_'_ e
e e

61 Site Demonstrations — Seneca Army Depot, NY

RITS Spring 2008: Estimating Remedial Timeframes with NAS2



Hydrogeology

» Surficial aquifer impacted
— Shallow, unconfined i
— Glacial till

— Fractured weathered shale

 Hydraulic conductivity
- 1.3-2.0 ft/day

— 1
= MV-55D

"mo“ﬁ’l“ % E
« Groundwater velocity o5
— 0.10 - 0.26 ft/day
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Plume Geochemistry

Total Chloroethene

1000007

 Anaerobic system

« Single redox zone

10000< o SUIfate'redUCing
conditions are

present in the plume

1000%

Concentration (ug/L)

100 T T T T T T T T T T T T T T
0 200 400 600 800
Distance from Source [ft]
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Remediation Approach

Source area remediation (1994-935)
—Excavation (1.5 acre) and incineration

—Treated soil was backfilled into excavation area

Plume containment and remediation (1998)
—Permeable reactive iron wall (650-ft in length)

—Constructed at plume toe
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Plume Evolution Following Source Excavation

October 1999 st July 2003
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NAS Application — Time of Stabilization

*NAS used to simulate C versus time at
PT12A and PT22, located 180 and 400 ft
downgradient of the source, respectively

*Observed decline in the source zone TCE
concentration

—-12,000 pg/L (pre-excavation)
-5,300 pg/L (post-excavation)

Field-observed TCE concentration used
as input to NAS
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Results of NAS Application

*NAS captured parts of TCE Concentration at PT-12A (200 ft)
the 10-yr trend

—Time of stabilization

—Equilibrium
concentration

*Time fluctuations in
concentrations and data
gaps hinders estimation ]
of breakthrough time ol

2002
2003
2004 T
2005
2006
2007

1936
1997
1995 1
19349
2000
2001 1

Time [y

—_
—_—
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Results of NAS Application (cont.)

*Keeping all input
parameters consistent
with the previous
simulation, the solution
failed to accurately
match the observed
equilibrium
concentration

Consistency in the TOS
estimated is noted

400

300

2001

1007

0l—

TCE Concentration at PT-22 (400 ft)

Result of decreased
source width

-
-------------

mmmmmmmmmmmmmm
GGGGGGGGGGGGGGGGGG
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Lessons Learned

*NAS provided satisfactory performance in non-ideal
hydrogeology

«Accuracy of TOS and equilibrium concentration prediction
improved with proximity to source

Decrease in the source width following remediation can
reposition the plume centerline and potentially reduce the
concentration at some monitoring wells

‘Results demonstrate the importance of characterizing the
post-remediation source zone conditions
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Site History
Source Zone Chemical Oxidation — NSB Kings Bay, GA

‘Naval Submarine Base (NSB) is located on the Georgia-
Florida border

Provides support for Ohio-class nuclear powered ballistic
missile submarines

Site 11: former 25-acre landfill dating back to the mid-1970s

Chloroethene plume discovered migrating from the landfill
in the 1990s
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Site Map and Contaminant Plume

*PCE source concentration Sy
-3,500-9,100 ug/L

(micrograms per Liter)

«Complete transformation of
chloroethenes along flow
path

Approximate Extent
of pre-1998
Contaminant Source
Area

—Reductive dechlorination

—Anaerobic direct oxidation

«3.5-acre footprint
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Hydrogeology

Atlantic Coastal Plain Aquifer System

Contamination present in a 10-ft thick strata of permeable
sand located 30 to 40 ft bgs

*Hydraulic conductivity _ =
— 3 to 5 ft/day Eh Flow Direction | < PCE
S 1500 — +T'CIIE:)CE
. = —¥—CIS-
*Groundwater velocity £ | e
(]
- 0.24t0 0.76 ft/day Lg) 500
O
0 T T T T —i

Distance (ft)
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Plume Geochemistry

*Anaerobic system
—Mix of methanogenic and sulfate-reducing conditions in source

—lIron-reducing conditions further downgradient where cis-DCE
and VC concentrations > TCE/PCE

10000

1000 Fe(lll)-reducing

100

Total Chloroethene
Concentration [Hg/L]

-
=]

SO4'
reducing Flow direction

0 100 200 300 400 500 600 T00
Distance from Source [f]
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Remediation Approach

Pumping wells installed and operated in the early 1990s to
exert hydraulic control on the plume

«Source zone remediation implemented in 1998-99
—In situ chemical oxidation using Fenton’s reagent

—Injection of vegetable oil

The successful removal of the PCE source and subsequent
plume reduction (MNA) documented over a 6-year period
(Chapelle et al. 2005)
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Results of NAS Application

*NAS simulation for the minimum estimated contaminant
velocity reasonably matched the observed data

400

—Breakthrough time o KBA-13A
_ 350 — — —  v=041ftd
3 ° —_— v=0.13ft/d
—Time of stabilization 2 50 V= 0081
—Equilibrium 2 =]
concentration g 2007
'% 150 -
Best-fit occurs for 5 0.
retardation factors o .
outside a range N . SR
0 400 800 1200 1600 2000

consistent with data Time (d)
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Results of NAS Application

Analysis of tracer (sulfate) data at observation wells
enabled calculation of groundwater velocity (v = 0.18 ft/d)

400

Improved estimate of v | R,
was not immediately .
available (t > 895 d)

200 ~

*NAS post-audit feature
was implemented to
revise TOS estimate

150 -

100 -

Total Chlorinated Ethenes (ug/L)

(&)
o
1
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Lessons Learned

*NAS captured the long-term trend in the observed data,
showing the complete breakthrough of remediated
groundwater to target concentrations (i.e., MCLs)

Accurate results were observed at Site 11 when the
groundwater velocity was derived from tracer test data

Determining groundwater velocity and sorption parameters
will result in improved accuracy of TOS following source
zone remediation at all sites
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Cost Savings — Kings Bay

« The RAO and considerable cost savings were realized at
NSB Kings Bay, Site 11 by employing a remedial strategy
of source reduction followed by MNA

Pump-and-Treat Source and Plume Reduction
o Capital cost = $1,920,000 o Capital cost = $915,000 (est.)
e Annual costs: — Chem Ox = $725,000 (3 applications)
— O&M pumping system = $400,000 - Veg Oil = $190,000
— O&M treatment system = $65,000 ¢ Annual costs:
— Monitoring & reporting = $90,000 — Monitoring & reporting = $55,000
 Total estimated life-cycle cost' ¢ Total estimated life-cycle cost!
= $10,500,000 (30 years*) = $1,270,000 (8 years)
*Note: TOR > 30 yr 'Present worth, 5% rate
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NAS - A Useful Tool for Decision-Making

Steps for reaching a decision using NAS are outlined here:
—Characterize plume geochemistry and hydrogeology
—Evaluate data using NAS Site Data Assessment module

—Determine target reduction in the source concentration/mass flux
for different RAO scenarios using NAS DOS module

—Estimate costs to achieve source reduction for each case

—Use NAS TOS or TOR module to estimate when RAO is met at
point(s) of compliance

—Estimate annual costs for monitoring over the period of
performance
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 Background
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Conclusion

*NAS performance metrics were achieved through the
ETSCP program

—Accuracy
—Versatility

|t is important to restate that application of the DOS/TOS
feature was not a curve-fitting exercise

*The best matches between the observed and simulated
concentrations were achieved at the monitoring wells
closest to the source

—Locations ranging from 18 to 407 ft downgradient
—Average of 185 ft from source
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Conclusion (cont.)

*NAS results demonstrated that the uncertainty in estimating
plume reduction timeframes were reduced with improved
site characterization of hydrogeologic parameters

—Groundwater velocity
—Sorption
Application of NAS to the source zone depletion problem
suggests

—Source zone characterization (before and after remediation) are
useful in improving TOR estimates

—Complex characteristics of a NAPL source are not required
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Take-Home Points

*NAS provides a framework for comparing various
remediation strategies and defining remediation goals
based on a selection criteria:

—Site-specific RAOs and hydrogeology/biogeochemical data

*NAS also provides a tool for calculating life-cycle cost
estimates by combining

—Source zone remediation cost estimates and annual monitoring
costs based on TOR estimates and reduction in plume size and
source strength

‘NAS is widely available and is designed for ease of use
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Resources

«Software

—Download installation program (version 2) at no cost from
Virginia Tech website: http://www.nas.cee.vt.edu

*Other resources available at website
—NAS Users Manual

—Site Demonstrations
«ESTCP Final Report
«ESTCP Cost & Performance Report

—USGS Publications

* WRIR 03-4057
o Circular Series C-1303
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